INTRODUCTION
The Montacutidae is one of a number of families included in the heterodont bivalve superfamily Galeommatoidea. Members of the superfamily, although showing plesiomorphic features, usually lead highly specialized lifestyles in association with another animal. The Montacutidae and the genus Mysella in particular, live in association with other invertebrates (e.g. Boss, 1965; Ockelmann & Muus, 1978; Morton & Scott, 1989 ) and tend to have specialized reproductive strategies including the brooding of their young (Deroux, 1960 (Deroux, , 1961 Chanley & Chanley, 1970; Ockelmann & Muus, 1978; O'Foighil, 1985) .
The present paper describes for the ¢rst time the unusual and unique morphology of Mysella tumidula verrilli (Dall, 1899) . This species was ¢rst taken from the deep Atlantic by the SteamerÀlbatross' of the United States Fish Commission and lately in epibenthic sled samples by ships of the Woods Hole Oceanographic Institution (WHOI). The subspecies is now raised to species level.
DESCRIPTION
Superfamily GALEOMMATOIDEA Gray, 1840 Family MONTACUTIDAE Clark, 1855 Genus Mysella Angas, 1877
Type species: (original designation) Mysella anomala Angas, 1877. See Morton & Scott (1989) for a diagnosis of the genus.
Mysella verrilli (Dall, 1899) 
Also examined
The type specimen USNM no. 35412 and other specimens all part of the suite Verrill (1884 Verrill ( , 1885 and Verrill & Bush (1898) 
Distribution
Widely distributed within the Atlantic at mid slope to lower slope depths, 485^2178 m.
Mysella tumidula s.s. was ¢rst recorded by Je¡reys (1866) (as Montacuta tumidula) from relatively shallow-water (33^146 m) in the Hebrides and later further described and ¢gured by him (Je¡reys, 1867 (Je¡reys, , 1869 and by Marshall (1897) (Figure 1 ). Verrill (1884 Verrill ( , 1885 and Verrill & Bush (1898) recorded what they believed to specimens of this species which were taken from deep-water (1534^1985 m) o¡ the east coast of the USA (Figure 2 ). Dall (1899) reexamined the specimens identi¢ed by Verrill and compared them with the type and other specimens of M. tumidula (present reference numbers: USNM 170421, 170423 and 170424) and concluded that they were not the same species. Dall (1899) regarded the specimens collected o¡ the east coast of America as a variety of M. tumidula. The same comparative process has been applied to the specimens collected by the WHOI research ships (see above). The di¡erences were con¢rmed by the author and by Dr J.D. Taylor who kindly made camera lucida drawings (Figure 1 ) of a specimen of M. tumidula (BMNH no. 1889.2.25.104^5) and one of the present specimens of M. verrilli (BMNH cited specimens no. 19991557). Mysella verrilli has never been adequately described.
Shell description (Figures 3^7).
Shell small (length of specimens examined range from 1.5 to 3.7 mm), ovate, moderately wide. Ratios of major shell dimensions: height:length0.72, width:length0.53. Relatively broadly spaced concentric growth rings with many ¢ne concentric striae between, growth bands alternate in colour from dark to pale cream ( Figure 3) ; umbo far posterior, small, inturned and slightly posterior; postero^dorsal shell margin steeply inclined ventrally, more or less straight, meets posterior limit of shell ventral to mid-horizontal axis, posterior margin slightly £at-tened, postero^ventral, ventral, antero^ventral and anterior margins smoothly curved, from umbo posterod orsal margin straight and inclined slightly dorsally as far as mid-line, then slightly ventrally to meet anterior margin in smooth curve ( Figure 3) ; a faint, narrow, escutcheon present ( Figure 3) ; no lunule; hinge-plates narrow ( Figure 5 ), left posterior hinge plate more narrow than anterior being little more than thickened shell margin, left anterior hinge plate slightly more thickened with longitudinal groove parallel to margin and extending to mid-line, left hinge has no teeth, right hinge plate also narrow but bearing two similar teeth at ventral margin of plate ventral to umbo (Figure 6 ), teeth extend obliquely as slightly elongate £anges that hook underneath left hinge, right posterior hinge plate with groove parallel to margin, right anterior hinge plate without groove; internal ligament dumb-bell-shaped with ventral Mysella verrilli di¡ers from M. tumidula in that it is truncated posteriorly and the umbo is more posterior then M. tumidula. Unlike M. verrilli, the postero^dorsal shell margin in M. tumidula is somewhat concave while the posterior margin is extended (Figure 1 ). Some inter-and intrabasinal di¡erences in the shape of the shell outline of M. verrilli were seen (Figures 3 & 4) . In particular, one shell from the western Mediterranean ( Figure 4D ), was more truncate posteriorly and with a straighter ventral shell margin. The prodissoconch has a broad margin reminiscent of that of Neolepton (Salas & Gofas, 1998) ( Figure 6 ). The variation in size of the prodissoconch is perhaps indicative of the varying length of time taken before the veliger encounters and settles on the host species.
The dumb-bell-shaped internal ligament is slung ventral to the umbo and hinge passing between the anterior and posterior modi¢ed lateral teeth of the right valve ( Figure 7 ). Externally it is extended by fused periostracum, the anterior section being shorter than the posterior ( Figure 7A ). The internal ligament comprises inner and outer layers with a lithodesma lying ventral and central to the neck of the dumb-bell ( Figure 7B ,C). This is the third montacutid species in which a lithodesma has been reported. The lithodesma was ¢rst reported in two species of Montacutona, a very closely related, if not synonymous, genus to Mysella, by Morton (1980) and it may be that the lithodesma has been overlooked in other montacutids. As Morton (1980) points out, until his report the lithodesma was only known in species of the subclass Anomalodesmata. Its presence in the Montacutidae does not necessarily imply a close relationship but is possibly related to the structural characteristics of this type of internal ligament in association with a relatively weak hinge.
Internal morphology (Figures 8^16).
The mantle margin, as is typical in galeommatoideans, is broad. Much of this breadth is taken up by the inner muscular mantle fold, with the middle sensory and outer folds not greatly enlarged ( Figure 13 ). The sensory fold bears a scattering of small sensory papillae. Internal to the inner fold and within the epithelium is a band of radial pallial muscles (Figure 8 ). These latter are in regularly spaced groups of ¢bres. The ¢bres of each group radiate through a small angle. The periostracum extends to some extent beyond the shell margin and is relatively stout. It is ¢rmly attached to the periostracal groove between outer and sensory mantle folds and it is likely that as in other montacutids, the mantle margin can be extended over the outside of the shell to some degree. In addition to the radial muscles there are subepithelial gland cells internal to the inner mantle fold (Figure 13 ). These are particularly prevalent anteriorly and ventral to the anterior adductor where it is construed that the inhalant current enters the mantle cavity. Posteriorly there is a single exhalant aperture that is separated from the pedal gape by fusion of the opposing inner folds (Figure 10 ). Mantle glands are also present internal to the inner mantle fold at the posterior limit of the pedal aperture.
The anterior and posterior adductor muscles are large and oval in cross section, the anterior muscle being more elongate than the posterior (Figures 8 & 9) . The large size of these probably correlates with the slender hinge, with its weak dentition and small, transverse ligament. These muscle types are typical of epifaunal bivalves that actively open and close their shell valves.
The foot is relatively large, broad and highly muscular. The anterior and posterior pedal retractor muscles are particularly stout (Figure 9 ). There is a mid-ventral groove along the posterior part of the sole and although no byssal thread was seen in any adult specimen there is a large basiphyllic gland dorsal and internal to the foot musculature that extends ventrally in the heel to open by a short duct at the posterior end of the mid-ventral groove. In one specimen a sand grain was found attached to the duct opening (Figure 11 ). In addition to this major pedal gland, a number of eosinophilic glands cells are scattered laterally within the pedal musculature that open onto the lateral surfaces of the foot. It is assumed that the foot is very active and that the animal crawls upright, being lubricated by the mucus from these glands, in much the same way as in gastropod locomotion. This type of locomotion has been observed in galeommatoideans in general (Popham, 1940) particular [e.g. M. bidentata (personal observation) and M. cuneata (Gage, 1968) ]. There is a well-developed paired pedal ganglion at the junction of the foot musculature and the viscera at the anterior limit of the basiphilic pedal gland (Figure 11 ). Anterior and close to the ganglion is a pair of spherical statocysts.
The morphology of the gills and viscera is remarkable. The gills comprise inner and outer demibranchs with the inner demibranchs being much the larger (Figure 8) . They are homorhabic. The inner demibranchs extend over the posterior half of the visceral mass. Anteriorly the descending lamellae are attached to the oblique posterior margin of a £attened leaf-like gonadial visceral extension via a ¢ne tissue membrane (equivalent in part to the gill axis and in part to the attachment of the anterior edge to the body wall in other bivalves) (see below). The membrane extends from immediately anterior to the umbo to the antero^ventral margin of the visceral part of the body close to the mouth (Figure 12 ). The ascending lamellae of inner demibranchs attach dorsally by a tissue
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Journal of the Marine Biological Association of the United Kingdom (2000) Figure 11 . Detail of the foot as seen from the left side of a specimen from Atlantis II, station 115, North America Basin. Scale bar: 0.5 mm. AN, anus; DT, duct; FT, foot; GL, pedal gland; ID, inner demibranch; ME, gill fusion; MO, mouth; PA, posterior adductor muscle; PN, pedal ganglion; UT, sand grain. Figure 12 . Detail of the region of the mouth from the right side of a specimen from Atlantis II, station 115, North America Basin. Scale bar: 0.5 mm. AA, anterior adductor muscle; BM, buccal protractor muscles; CG, cerebral ganglion; CM, cut mantle margin; FT, foot; GP, gonad; ID, inner demibranch; MO, mouth; PB, proboscis. junction to the body wall. The lamellae of the outer demibranch are small and re£ected postero^dorsally. The descending lamella of the outer demibranch is narrow and is attached to approximately the posterior two-thirds of the gill axis. The ascending lamella is half the size of the descending lamella and con¢ned to a small area anterior to the posterior adductor. Except for a small number of undi¡erentiated cells at the antero^ventral margin of the posterior adductor forming a gill rudiment, the outer demibranch is not present in shells 52.0 mm total length (Figure 9 ). Posterior to the foot, the left and right gill axes are attached to each other by a tissue bridge that then attaches to the mantle at the point of ventral fusion forming the exhalent siphon (Figure 10) . In cross section the ¢laments are unmodi¢ed. They do not show any gland cells on the abfrontal surface to which spermatozoa may attach such as is described by Morton (1980) and O'Foighil (1985) .
There are no palps. The mouth opens ventral to the anterior adductor, at the tip of a very muscular and extended oesophagus. In some specimens the tissue surrounding the mouth forms a thickened rim (Figures 11 & 12) . Posteriorly the oesophagus is deeply ridged with a wide lumen possibly used for initial storage (Figure 13 ). The oesophagus forms something analogous to a suctorial buccal mass. Fine muscle ¢bres extend from the shell ventral to the anterior adductor to a point immediately dorsal to the mouth (Figure 12 ). These would appear to be protractor muscles that probably direct the positioning of the mouth. No new structures make up the oesophageal walls. The buccal mass is made up of much-elongated columnar epithelial cells surrounded by a thick layer of longitudinal muscle cells covered by a typical external epithelium (Figures 13 & 14) . Posteriorly the oesophagus opens into a small stomach. Ducts from the £oor and from the right side of the stomach lead to extensive digestive diverticula that lie anterior and lateral to the stomach (Figure 15 ). The midgut and style sac are combined. Sections show that there is a style. The hind gut, which is very slender with an extremely narrow lumen, takes a simple course dorsally from the limit of the style sac, passing through the heart and over the posterior adductor muscle to the anus (Figures 9 & 16) .
The kidney is relatively large lying dorsal and parallel to the margin of the outer demibranch (Figures 8 & 9) .
The gonads are comprised of a gill-like visceral extension on each side external to the main body wall (Figures 8 & 12) . Sections suggest that this species may be a consecutive hermaphrodite. Within the gonadial pouches radiating channels pass spermatocytes or oocytes to a gonadial duct on each side. Sectioned material shows that spermatozoa are stored posteriorly on each side in an enlarged part of the duct posterior to the stomach and close to the dorsal margin anterior to the ligament before being released via a short vas deferens into the suprabranchial cavity (Figures 8 & 15) . The condition of the mature female is unknown. Primary oocytes are present in a sectioned specimen with mature sperm. One specimen was obtained with many larvae (about 800 in a specimen 2.5 mm total length) packed within the mantle cavity adhering to the outside of the gills and between gonadial pouch and visceral wall. These larvae, measuring approximately 140 mm in length, were at the late veliger stage. From the large size of the prodissoconch (307^345 mm) it was expected that a small number of large yolky eggs might have been produced to develop directly to the juvenile stage within the mantle cavity or suprabranchial chamber, but no veliconch larvae were found within the mantle cavity. It is assumed that the late veligers are released to seek a host species and while they remain in the plankton they feed and grow, the variation in prodissoconch size relating to the length of time taken to ¢nd the host.
The nervous system is typical of that found in other bivalves, consisting of cerebral, visceral and pedal ganglia. The ganglia and the commissures are relatively well-developed. The cerebral ganglia form a bulge on the buccal mass dorsal and immediately posterior to the mouth (Figure 12 ).
DISCUSSION
Even by montacutid standards this is a most remarkable bivalve. First, the mouth and oesophagus have become suctorial, with hypertrophied musculature, and this has been accompanied by the complete loss of the palps. Second, the gonad is largely contained in two anterior, £attened, leaf-like extensions of the body that occupy the space where the anterior portion of a gill would be expected to occur. As a result of this, the gill, which is restricted largely to the inner demibranch, occurs posterior to the gonad. Genital lobules have been described by Old¢eld (1961) in Montacuta ferruginosa and M. substriata and by Ockelmann (1965) in Montacuta tenella Love¨n, but none to the degree of complexity seen in Mysella verrilli. In the latter, the form is leaf-like and on casual observation is not immediately distinguished from gills. Only in the Thyasiridae are comparable paired pouches of the body present (Payne & Allen, 1991) , however, those in the Thyasiridae are extensions from the centre of the lateral body wall with the gills overlying the pouches. In M. verrilli the pouches extend from the dorsal margin of the visceral mass and have the gill attached, and thus di¡ering signi¢cantly from those of the Thyasiridae.
The gills of deep-sea bivalves are frequently reduced in size (e.g. Oliver & Allen, 1980) , a modi¢cation that is possibly related to changed respiratory demand under high pressure or possibly to a reduced ¢ltration requirement. As a result, mantle space is available for body extension.
All mysellids reported upon to date are associated with an invertebrate host (Morton & Scott, 1989) . Thus, it is reasonable to assume that M. verrilli is also associated with a benthic invertebrate. In view of the extremely narrow diameter of the hind gut and the lack of contents, together with the simple nature of the suctorial mouth, it is likely that M. verrilli is an ectoparasite restricted to a £uid or gelatinous diet. It probably parasitizes one of the more common deep-sea coelenterates such as Cerianthus multiplicatus Carlgren (Rice et al., 1982) . Other montacutids are known to occur on cerianthids (Ponder, 1971; Morton, 1980) . Whether M. verrilli feeds on the tissues of the host or on the food of the host is not known. Also, whether the much reduced gill passes ¢ltered particles to the mouth to be ingested by suction or, simply rejected as pseudofaeces, is not known.
The digestive diverticula are well-formed with extensive digestive tubules. This, together with the presence of a style, leads to the deduction that M. verrilli digests its food in the same manner as other bivalves. Nevertheless, all specimens examined have an extremely narrow hindgut, with a narrow lumen and without content and it must be assumed that whatever is ingested contains little solid waste.
Associated with commensal and parasitic life is reproductive specialization and in this the Galeommatoidea are no exception. Specialization may include hermaphroditism, sperm storage and sexual dimorphism (Gage, 1968; O'Foighil, 1985 O'Foighil, , 1987 Jenner & McCrary, 1968; Morton, 1976 Morton, , 1980 . Brooding of the young within the mantle cavity is also a feature of members of the superfamily (O'Foighil, 1985) . Mysella verrilli is also no exception. It is an hermaphrodite, it stores its sperm and broods its young. Sperm are stored in the posterior part of the gonadial ducts and not in an accessory organ formed by the gill axis posterior to the foot as in Mysella bidentata (Montagu) (Deroux, 1961; Ockelmann & Muus, 1978) and Montacutona compacta (Gould) (Morton, 1980) . Spermatophores of the type described by Ockelmann & Muus (1978) in M. bidentata were not seen nor is there evidence of sperm attachment to the abfrontal surface of the inner demibranch as described in Mysella tumida (Carpenter) (O'Foighil, 1985) . Unlike most other montacutids, the developing eggs are not contained within the suprabranchial chamber, but anteriorly within the mantle cavity. The only other species recorded to date to do this is Montacuta percompressa Dall (Chanley & Chanley, 1970) . It might be assumed that when the eggs are laid within the mantle cavity they are directed anteriorly to the glandular region close to the point where the inhalant £ow carrying sperm will enter the mantle cavity.
While it might be thought that the unusual morphology of M. verrilli warrants generic rank, it is clear that in shell structure it di¡ers little from other species of Mysella, all of which are commensal or ectoparasitic with other invertebrates and which might be expected to exhibit morphological specialization. Because of this, M. verrilli is retained within the genus.
